A novel Gram-stain-positive, aerobic, non-motile and acid-fast actinomycete strain, designated CFH S0067
The genus Nocardia, proposed by Trevisan [1] , is included in the family Nocardiaceae of the order Corynebacteriales in the phylum Actinobacteria [2] , and the family description was emended by Zhi et al. [3] . At the time of writing, the genus encompasses 107 species with validly published names (http:// www.bacterio.net/nocardia.html, 2017). Members of the genus Nocardia are aerobic, non-motile, Gram-stain-positive to Gram-stain-variable, catalase-positive, mycolic acid-containing actinomycetes, and they form extensively branched mycelia and substrate hyphae that fragment into coccoid to rodshaped elements [4] . The genomic DNA G+C contents range from 63 to 72 mol%. Members of the genus Nocardia are characterized chemotaxonomically by the presence of mesodiaminopimelic acid, arabinose and galactose in whole cell hydrolysates. Many species have been isolated from soil samples [5, 6] , clinical material [7, 8] , plants [9, 10] and caves [11, 12] . Here we report on the classification, based on a polyphasic approach, of the novel actinomycete, strain CFH S0067 T .
A soil sample used for the isolation of strain CFH S0067 T was collected from Heshun old town in Tengchong, Yunnan province, south-west of PR China. Strain CFH S0067
T was isolated using the standard dilution plating method. Briefly, 2 g of the soil sample was suspended into conical flasks containing 18 ml sterile water and several glass beads and kept in an orbital shaker (28 C, 200 rpm, 1 h). The suspensions were serially diluted to a concentration of 10 À3 and each of the dilutions (200 µl) were spread on ISP 2 agar medium [13] , supplemented with nalidixic acid (25 mg l
À1
) and nystatin (50 mg l
) to inhibit the growth of fungi and bacteria. After incubation for two weeks at 28 C, a single colony was selected and purified on modified ISP 2 agar medium. Strain CFH S0067
T was stored on ISP 2 agar slants at 4 C and as glycerol suspensions (20 %, v 
Extraction of genomic DNA and PCR amplification of 16S rRNA and gyrB genes were carried out as described by Li et al. [14] and Carrasco et al. [15] , respectively. The PCR product was purified and cloned into vector pMD19-T (Takara) and the cloned 16S rRNA and gyrB gene sequences were determined by Sangon Biotech (Shanghai, China). An almost full-length 16S rRNA gene sequence of strain CFH S0067 T (1541 bp) was obtained and compared with available 16S rRNA gene sequences of validly named species in the EzTaxon-e server database (http://www.ezbiocloud.net/) [16] to determine the phylogenetic relationships of strain CFH S0067
T . The gyrB gene sequence analysis was performed with the GenBank/EMBL/DDBJ databases. The CLUSTAL_X software package was used for multiple alignments of the 16S rRNA and gyrB gene sequences [17] . Phylogenetic trees were reconstructed with three tree-making algorithms, using MEGA software version 6.0 [18] : neighbour-joining [19] , maximum-parsimony [20] and maximum-likelihood [21] . The stability of the topology of the phylogenetic trees was assessed using the bootstrap method with 1000 repetitions [22] . Evolutionary distances were calculated by using the Kimura two-parameter model [23] . The 16S rRNA gene sequence of Gordonia sputi NBRC 100414 T (GenBank accession no. BAFC01000092) was used as an outgroup in Fig. 1 , and the gyrB gene sequence of Rhodococcus qingshengii DSM 45222 T (GenBank accession no. KF374699) was used as an outgroup in Fig. 2 . DNA-DNA hybridizations were performed using the fluorometric micro-well method [24] to determine the value of whole genomic DNA relatedness with closely related taxa. One of the two DNA molecules for hybridization was labeled while the other was immobilized, and vice versa. The experiments were set up with eight replications at the optimal hybridization temperature (43.8 C) . The DNA-DNA hybridization value was taken as the mean of these eight replicates. The fluorescence intensities were measured by a Fluostar Optima microplate reader (SPECTRA max GEMINI XPS) at an excitation wavelength of 360 nm and an emission wavelength of 460 nm.
Identification using the EzTaxon-e server revealed that strain CFH S0067
T belongs to the genus Nocardia. The isolate was determined to be most closely related to N. concava JCM 12351 T (99.3 % 16S rRNA gene sequence similarity). Phylogenetic analyses showed that strain CFH S0067 T formed a stable cluster with N. concava JCM 12351 T in the neighbour-joining tree (Fig. 1) . This phylogenetic relationship was also supported in the trees generated with the minimum-parsimony and maximum-likelihood algorithms (Figs S1 & S2, available in the online Supplementary Material). As, the 16S rRNA gene sequence similarity was >99 %, comparative gyrB gene sequence analyses were carried out. However, strain CFH S0067 T shared 96.0 % gyrB gene sequence similarity with N. concava JCM 12351
T and also formed a stable cluster with N. concava JCM 12351 T in the neighbour-joining tree (Fig. 2) . This suggested that the strain should be recognized as belonging to a distinct genotype. The type strain N. concava JCM 12351
T was therefore selected for DNA-DNA hybridization experiments with strain CFH S0067
T and the DNA-DNA reassociation values were 56.5±0.6 %, which was well below the 70 % cut-off point recommended for assigning bacterial strains to different genomic species [25] .
The morphology of strain CFH S0067
T was observed by light microscopy (model BH2; Olympus) and using an SEM (XL30 ESEM-TMP; Philips) with cultures grown on ISP 2 agar medium at 28 C for 3 days. Gram staining was examined according to Hucker's method [26] . Cell motility was studied according to the development of turbidity in a tube containing semi-solid medium [27] . Cultural characteristics were determined after incubation for 7 days at 28 C on yeast extract-malt extract agar (ISP 2), oatmeal agar (ISP 3), inorganic salts-starch agar (ISP 4), glycerol-asparagine agar (ISP 5) [13] , potato-dextrose agar (PDA), Czapek's agar and nutrient agar (NA) [28] media, adjusting the pH to 7.2. Colony colour was determined with ISCC-NBS colour charts [29] . Growth at different temperatures (4, 20, 25, 28, 37, 45 , 50 and 60 C) and tolerance to NaCl (0-10.0 %, w/v, at intervals of 1.0 %) was examined on ISP 2 medium. The pH range for growth was examined at pH 4.0-10.0 (at intervals of 1.0 pH unit) at 28 C for two weeks in ISP 2 broth, using the buffer system described in [30] . Carbohydrate utilization was determined, according to the method described by Shirling and Gottlieb [13] , using a basal medium supplemented with a final concentration of 1.0 % (w/v) of the tested carbon sources. Nitrogen source utilization was observed in a basal liquid medium according to Williams et al. [31] . Catalase activity was tested based on the production of bubbles after the addition of 3 % (v/v) H 2 O 2 . Oxidase activity was determined according to the oxidation of tetramethyl-pphenylenediamine [32] . Antibiotic susceptibility testing was performed with antibiotic susceptibility discs (Bioanalyse), according to the manufacturer's instructions. Tween (20, 40 , 60 and 80) degradation, H 2 S production and nitrate reduction, hydrolysis of gelatin, starch and cellulose, activity of urease, and milk peptonization and coagulation, were observed as previously described [33] [34] [35] .
Strain CFH S0067
T was a Gram-stain-positive, strictly aerobic and non-motile actinomycete. Extensive substrate and short aerial mycelia were produced and branches of substrate mycelium fragmented into coccoid to rod -shaped elements (Fig. S3) . The substrate mycelium of strain CFH S0067
T was yellowish-brown. Diffusible pigment was not produced on all media tested. The strain grew well on ISP 2, ISP 3, ISP 5 and PDA media, moderately on ISP 4 and Czapek's agar, but it grew poorly on NA media (Table S1 ). Strain CFH S0067 T grew over a temperature range of 4-50 C (optimum 4-37 C), pH 4.0-8.0 (optimum 4.0-7.0) and at NaCl concentrations of 0-4.0 % (w/v; optimum 0-2.0 %). The strain was positive for urease and catalase activities, milk coagulation and milk peptonization, but negative for oxidase activity and the degradation of cellulose, gelatin, starch and Tweens 20, 40, 60 and 80. H 2 S was not produced and nitrate was not reduced. The physiological and biochemical characteristics distinguishing strain CFH S0067
T from members of the genus Nocardia with validly published names are given in Table 1 and in the species description. The results of antimicrobial susceptibility testing are shown in Table 2 .
The biomass of strains CFH S0067
T and the reference strain, N. concava JCM 12351 T , used for chemotaxonomic analyses were obtained using several standard methods under identical conditions. Whole-cell hydrolysates were determined according to the procedures described by Tang et al. [36] . Isomers of diaminopimelic acid (DAP) in the cell-wall were determined by established TLC methods [37] . Biomass for fatty acid analysis was obtained from strains grown on tryptose soy broth (TSB; Difco) at 28 C for 3 days. The cellular fatty acids were extracted, methylated and analysed by using the protocol of version 6.1 of the Sherlock Microbial Identification System (MIDI) and the TSBA6 database [38] . Polar lipids were extracted and examined by two-dimensional TLC and identified using previously described procedures T and related species of the genus Nocardia. Asterisks indicate branches that were also obtained by the maximum-parsimony and maximum-likelihood methods. The accession numbers of the sequences are given in parentheses. Gordonia sputi NBRC 100414 T was used as the outgroup. The numbers at branch nodes indicate bootstrap percentages derived from 1000 replications (only values above 50 % are shown). Bar, 0.005 substitutions per nucleotide position. [39, 40] . Mycolic acids were prepared and determined as described in [41] . Menaquinones were extracted from lyophilized cells according to Collins et al. [42] , and were purified and analysed by HPLC [43, 44] . The DNA G+C content was determined by using an HPLC method after enzymatic degradation [45] , with Escherichia coli DH5a as the reference strain.
Chemotaxonomic data revealed that strain CFH S0067 T exhibited characteristics typical of the genus Nocardia. It contained meso-diaminopimelic acid, arabinose, galactose, fructose and mannose in whole-cell hydrolysates. The presence of meso-diaminopimelic acid, arabinose and galactose demonstrated that strain CFH S0067
T belonged to the cell wall type IV and sugar pattern type A [46] . Strain CFH S0067
T contained mycolic acids that co-chromatographed (Rf value of about 0.47) with those from strain N. concava
JCM 12351
T (Fig. S4) . The major cellular fatty acids were C 16 : 0 (33.4 %), summed feature 3 (C 16 : 1 !7c/C 16 : 1 !6c) (21.3 %), C 18 : 1 !9c (13.4 %) and C 18 : 0 10-methyl (TBSA) (10.9 %). Detailed fatty acid components are presented in Table S2 . The phospholipid profile consisted of diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylinositol, phosphatidylinositol mannoside and one unidentified lipid (Fig. S5) . This polar lipid pattern was PII [47] . The predominant menaquinone of strain CFH S0067
T was MK-8 (H 4!-cycl ). The G+C content of the genomic DNA of strain CFH S0067
T was 66.9 mol%.
The results showed that strain CFH S0067 T had typical markers of members of the genus Nocardia. Strain CFH S0067
T had a high 16S rRNA gene sequence similarity with that of N. concava JCM 12351
T . However, it also had many characteristics distinguishing it from its 
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Rhodococcus qingshengii T were light orange, differing from the white aerial hyphae of N. concava JCM 12351
T . The fatty acid profile of strain CFH S0067 T was similar to that of N. concava JCM 12351
T , but there were differences in the amounts of some major components. Furthermore, the strain shared a 96.0 % gyrB gene sequence similarity and 56.5±0.6 % DNA relatedness with N. concava.
In conclusion, it is evident from the genotypic and phenotypic data that strain CFH S0067
T represents a novel species of the genus Nocardia, for which the name Nocardia heshunensis sp. nov. is proposed.
DESCRIPTION OF NOCARDIA HESHUNENSIS SP. NOV.
Nocardia heshunensis (he.shun.en¢sis. N.L. fem. adj. heshunensis pertaining to Heshun old town in Tengchong, Yunnan province, south-west PR China, where the strain was isolated from).
A Gram-stain-positive, aerobic, non-motile actinomycete, which forms an extensive substrate and short aerial mycelia. The substrate mycelia is yellowish-brown. Light orange aerial mycelia is produced on ISP 2 and ISP 5, while colourless and yellowish-pink aerial mycelia is seen on several other tested media. Substrate mycelia fragment into coccoid to rod-shaped elements. Diffusible pigments are not pro- 
